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quality and lowering costs. 2, 3 Three models of prenatal care
were evaluated during the 4-year initiative: centering or group prenatal care, maternity care home, and birth center care. Studies of freestanding birth centers have consistently demonstrated safe, high-quality care with fewer medical interventions during labor than usual care, while achieving lower cesarean birth rates. [4] [5] [6] [7] [8] [9] [10] [11] Neonatal outcomes have been similar to those of lower-risk mothers in usual care. [7] [8] [9] Previous birth center study populations were mostly white, non-Hispanic, college-educated, and middle-and higher-income mothers, making it difficult to generalize findings to all lowerrisk childbearing mothers in the United States. 8, 9 Preliminary evaluation of American Association of Birth Centers (AABC) Medicaid beneficiaries enrolled at Strong Start sites demonstrated population diversity and high-quality outcomes responsive to the enhanced, wellness-oriented model of care. 4, 10 The purpose of this research was to explore the medical and social risk factors, care processes, and quality outcomes of Medicaid beneficiaries in the AABC Strong Start sample compared with publicly reported US data in order to inform future research and Medicaid policy reform.
| METHODS
This descriptive analysis includes all 6424 Medicaid beneficiaries enrolled and giving birth with the 45 AABC Strong Start birth center sites in 19 states between 2013 and 2017. The sample includes women who received prenatal care in AABC Strong Start sites with planned birth locations of birth center, home, and hospital, both elective and medically indicated, as well as women requiring transfer to the hospital during labor. The AABC birth center model provides enhanced primary maternity care that is integrated into the overall perinatal care system ( Figure 1 ). This midwifery-led model ( Figure 2 ) includes structured relationship building, time-intensive care, and individualized education, all of which have been demonstrated to improve outcomes for socially at-risk communities. 4, 5, 10, 11 Clients are fully engaged in their care with birth center midwives providing support, respect, and shared decisionmaking. Prenatal visits last longer than in medical model care, and clients are encouraged to develop relationships with midwife providers. Educational components of prenatal care are individualized depending on each client's needs and include discussion of the benefits of physiologic pregnancy, labor, birth, postpartum, and newborn care. In addition, birth centers work with a network of referral providers; thus, consultations or referrals are available if needed. Birth may occur in the birth center or hospital, although in some birth centers choice of hospital birth involves using a different provider who may be a physician. In some birth center practices, home birth is an option. This model differs from usual US maternity care that is predominantly provided in the medical model with birth occurring in the hospital, involving relatively high levels of intervention, and attended by physicians.
We analyzed data from the American Association of Birth Centers Perinatal Data Registry (AABC PDR™), version 3.0, one of the largest observational, prospective, de-identified, perinatal data registries in the United States. The PDR measures demographic, descriptive, and process-and-outcome indicators while adhering to the registry guidelines from the Agency for Healthcare Research and Quality.
12 Quality assurance mechanisms are in place to ensure systematic client enrollment, timely completion of data, minimization of loss of follow-up, and data consistency checks through verification with medical record numbers by the site. Data definitions are embedded within the data set, published in the user manual, and reviewed during mandatory user trainings. A validation study conducted in 2010 found a high level of consistency between registry data and matched medical records, exceeding birth certificate capabilities with 100% consistency for 10 variables. 13 Childbearing mothers signed a consent form to participate in the Strong Start program and to be included in the data registry after their first prenatal visit. Perinatal attrition was tracked and included medical attrition such as spontaneous abortions and elective or medically indicated pregnancy terminations, and elective transfers of care and migration. Using SPSS, version 25, core perinatal outcomes were analyzed, including outcomes for mothers and newborns transferred after admission in labor. Distinct processes of care were summarized, and a preliminary exploration of racial disparities was conducted. A descriptive analysis of socio-demographic and medical characteristics of the sample was compared with publicly available national birth certificate data.
14 For variables that are not collected or reported in birth certificate data, other national sources were chosen as a point of reference such as CDC Perinatal Risk Assessment Monitoring System (PRAMS), 15 Centers for Medicare and Medicaid Services, 16 and Centers for Disease Control and Prevention's National Immunization Survey. 17 The AABC PDR research protocol has been ruled exempt by New England IRB as research involving the study of existing data and recorded in such a manner that participants cannot be identified directly or through identifiers linked to the participants.
| RESULTS
The sample includes data from all 6424 Medicaid beneficiaries enrolled for care in 45 AABC Strong Start practices in 19 states between 2013 and 2017. No participating birth centers were excluded from the sample; all sites had complete data, defined as no more than 5% incomplete records. Missing data for each variable were excluded before calculating percentages.
| Socio-demographic characteristics
The AABC sample has a socio-demographic profile similar to that of total US birth certificate data during the study time period (Table 1) . 14, 15 Compared with national data, women in the AABC sample had slightly more births to teen mothers (7.8% vs 5.4%), and fewer births to mothers aged 35 and older (9.0% vs 17.0%). The AABC sample had more unmarried women (52.6% vs 39.8%), whereas educational status was similar between the two groups.
Women within the AABC sample mirrored US percentages of Hispanic and Native American ethnicity and were less likely to be Asian or Pacific Islander (1.5% vs 7.6%) or non-Hispanic black (11.9% vs 14.2%), compared with national data. Ethnicity was not a mandatory field when the study began; thus, the number of records with missing data for this variable was a limitation. Compared with national data for the same time period, women in the AABC sample had similar psychosocial and behavioral risk factors. Women in the AABC sample were more likely to have a history of preterm birth, smoking, and a history of domestic violence. The most common psychosocial risk factors were unplanned or unwanted pregnancy (34.4%), smoking (11.9%), chronic stress (11.0%), history of depression (10.6%), and interpregnancy interval between viable pregnancies <18 months (5.2%), all of which have been linked to increased risk of preterm birth. National data show that about 3.0% of pregnant Medicaid beneficiaries reported illicit drug use in the past month. 18 In the AABC sample, 318 (5.0%) reported current illicit drug use on presentation to prenatal care.
| Core perinatal outcomes
When we examined perinatal outcomes, the Medicaid beneficiaries in the AABC Strong Start sample exceeded national benchmarks for several perinatal quality indicators (Table  2) . 14, 17, 19, 20 Preterm birth and low-birthweight rates were less than half those in national data, 4.4% vs 9.9% and 3.7% vs 8.2%, respectively. The total cesarean birth rate was 12.3%, less than half the national rate (31.9%), and the primary cesarean rate was 8.7% compared to a national rate of 21.8%. The nulliparous, term, singleton, vertex (NTSV) cesarean rate in the AABC sample was 14.7%, compared with a rate of 25.7% in the national data and a Healthy People 2020 target of 23.9%. 21 The AABC Strong Start participants had excellent breastfeeding outcomes, a marker for life course health of both the mother and baby (Table 2) . Overall, 5106 (87.0%) AABC Strong Start mothers were exclusively breast milk feeding at discharge, compared to 41.5% in the last national report of this endorsed quality metric. 19 Similarly, 92.9% of AABC Strong Start participants reported feeding "any" breast milk 
| Care use patterns
To better understand high leverage characteristics of the model that may be responsible for improved clinical outcomes, we examined the care use patterns within the AABC Strong Start sample (Table 3) . 14, [23] [24] [25] [26] [27] Notably, the use of midwives as primary care providers in the population was different from nationally reported patterns during the study period. The majority of Medicaid beneficiaries within the AABC Strong Start sample experienced midwifery-led prenatal care (95.9%) and midwife-attended birth (64.5%). During this same time period, physicians attended 89.7% of births nationwide. 14 The model demonstrated early use and access to prenatal care with 81.7% presenting to care in the first trimester, compared to 68.1% reported in national data for mothers whose source of payment was Medicaid. 23 Six sites had <70% of their clients presenting for care in first trimester. The Healthy People 2020 target for first-trimester presentation to prenatal care is 77.9%. Eighty-nine (1.6%) of AABC Strong Start participants first presented to prenatal care in third trimester, in contrast to 8.6% of Medicaid recipients nationally with late or no prenatal care. 23 Mothers presenting with no prenatal care are not appropriate for birth center care in labor, and a few birth centers do not enroll mothers presenting for care in third trimester.
The AABC Strong Start sites demonstrated notably different patterns of resource use regarding prevalence of hospitalization among Medicaid beneficiaries. Among 4278 mothers intending to give birth at home or at a birth center in third trimester, 3179 (74.3%) were admitted to their intended site in labor, and 2797 (65.4%) gave birth without being hospitalized. A total of 17.7% of women who had planned a birth center or home birth were admitted to or transferred to the hospital during labor. Of mothers admitted to birth center or home, 381 (8.9%) required transfer to the hospital during labor. Another 377 (8.8%) of mothers planning to give birth at home or in the birth center required transfer to hospital care when they were first evaluated on presentation in labor. The findings regarding site of birth contrast with the predominant model of care during this time period in which 98.5% of US births occurred in hospitals. 14 Use of the appropriate level of care is further demonstrated by fetal surveillance in labor in which nearly half (42.6%) experienced intermittent auscultation as the sole form of fetal surveillance after admission in labor. In Listening to Mothers III: New Mothers Speak Out, 89% of women reported that their fetus was monitored using an electronic fetal monitor either continuously (66%) or intermittently in combination with a handheld device (23%). 26 This is in contrast to research demonstrating intermittent Overall, 182 (2.8%) AABC Strong Start newborns were admitted to neonatal intensive care unit (NICU), compared to a national rate of 8.7%.
14 Among newborns ≥2500 g, 116
(1.8%) experienced NICU admission. Strong Start newborns were almost twice as likely to be admitted to NICU after a hospital birth (1.2%) than after a birth center birth (0.7%), possibly reflecting the conditions that prompted either a planned hospital birth or transfer to the hospital from the birth center during labor. The rate of NICU admissions in a US population-based study for newborns ≥2500 g was 4.3%. 20 Finally, length of stay is relatively short in the AABC Strong Start sample, with 2839 (57.4%) of mother/newborn dyads staying 24 hours or less; 759 (15.4%) mothers remained longer than 48 hours after a vaginal birth and 333 (6.7%) longer than 72 hours after a cesarean birth. A population study of new mothers in California reports a median length of stay of 2 days for mothers experiencing a vaginal birth. 29 The close follow-up of families in the birth center model, with over 30% receiving at least one home visit after discharge, provides ongoing care and screening after discharge, contributing to few readmissions of mother (1.1%) or newborn (1.9%).
| Racial and ethnic disparities
The preterm birth rate for white, non-Hispanic women within the AABC sample was 4.2% compared to 9.0% in national data. Preterm birth for non-Hispanic black women within the AABC sample was 5.1%, less than one-half of the national rate (13.8%), showing a narrowing in racial disparity for this measure (Table 4 ). 14 Low birthweight and cesarean birth occurred at lower rates compared with national data, but with persisting racial disparities (Table 4) . Non-Hispanic black women enrolled in the AABC Strong Start program experienced cesarean at less than one-half of the national rate (15.1% vs 35.9%), whereas non-Hispanic white women had a cesarean birth rate of 10.6% compared to 30.9% nationally.
Consistent with national data, racial and ethnic disparities were also noted in breastfeeding rates. Among non-Hispanic black mothers, 559 (78.8%) were exclusively breastfeeding at discharge, with 315 (59.1%) of non-Hispanic black mothers exclusively breastfeeding at 6 weeks postpartum and 449 (84.2%) providing some breast milk. Despite disparities within the AABC Strong Start beneficiaries, breastfeeding rates in the AABC sample were consistently higher than available national rates for all races and ethnicities, with 83.2% US overall, 85.9% white, non-Hispanic, 84.6% Hispanic, and 69.4% non-Hispanic black mothers reporting having ever breastfed their infant. 17 
| DISCUSSION
From 2013 to 2017, 6424 Medicaid beneficiaries enrolled in prenatal care in AABC Strong Start birth centers and giving birth with the birth center midwives or their collaborative physicians in birth center, hospital, and home. Strong Start enrollees exhibited a similar socio-behavioral risk profile to mothers giving birth in the United States during the study period, with enrollees experiencing slightly higher rates of tobacco use, domestic violence, chronic stress, and drug use. Outcomes achieved in birth centers suggest that similar outcomes could be achieved nationwide with spread and scale of this enhanced care model. The AABC model demonstrated lower rates of induction of labor, low birthweight, preterm birth, and cesarean birth than rates reported nationally. The outcomes demonstrate higher success with health protective factors, like breastfeeding, and a narrowing of health disparities, which warrants further evaluation. Breastfeeding rates at 6 weeks are lower among mothers who are Medicaid beneficiaries, as were all Strong Start participants, as compared with commercial payers, with one study reporting rates of 30.2.% exclusive breastfeeding and 48.4% any breastfeeding at 6-8 weeks postpartum. 22 Racial disparities are known to exist in outcomes among childbearing mothers, with institutional racism understood to be a factor. 39 Analysis of AABC Strong Start data by the Urban Institute demonstrated that birth center prenatal care was associated with lower rates of preterm birth, low birthweight, and cesarean delivery for non-Hispanic black and Hispanic women. 2, 3 These disparity reductions were confirmed using comparison groups of Medicaid beneficiaries with similar risk levels receiving usual care. More research is needed to better understand the potential for the model to reduce racial and ethnic disparities in birth outcomes. Enhanced prenatal care provided by birth centers achieved excellent outcomes that warrant regulation and reimbursement reform to facilitate increased access. The processes of care and outcomes require a notably different workforce composition with different workflows than traditional prenatal care. The high leverage components of enhanced birth center care, such as midwifery-led care, peer counselor support, longer provider visits, and facilitated educational sessions, require reliable funding mechanisms. This requires a shift away from payment for procedures, which is known to drive cost and decrease quality. Steps toward the transformation of the current system outlined in the Blueprint for Advancing High-Value Maternity Care through Physiologic Childbearing include improving access to birth center care by reducing various regulatory barriers. 30 Developing sustainable reimbursement by
Medicaid for time-intensive care is recommended. Increased investment in birth center model prenatal care will lead to significant cost savings with healthier mothers and infants. Strong Start care in birth centers demonstrates substantial cost savings, with lower cesarean rates and fewer medical interventions, and when prenatal care is provided by the birth center, reductions in preterm, and low-birthweight births. 2, 3 The estimate of Medicaid savings from the cesareans prevented per 10 000 births is $4.35 million. 8 Estimated savings reduction in preterm births prevented per 10 000 births is $24.25 million. 40 Higher rates of breastfeeding and lower rates of NICU admissions also contribute to cost savings from this care. 20, 32 Cost savings are also affected by shorter length of stay for both mother and newborn, with 57.4% of mother/newborn dyads staying <24 hours. The processes of care and outcomes for socially at-risk Medicaid beneficiaries were markedly different than those nationally reported. Comparative effectiveness research is feasible using CMMI Strong Start data as other arms of the study included traditional medical settings that were physician-led. The current system of high-tech care drives high cost and poor quality. [30] [31] [32] [33] [34] [35] [36] [37] [38] The midwifery-led wellness model of care provided within birth center practices continues to demonstrate improved outcomes. System-level accountability to the preferences of Medicaid beneficiaries is an important step to ensuring a safe, family-centered maternity care system.
| Strengths and limitations
This is a descriptive study of the demographics, processes, and outcomes of women participating in Strong Start with prenatal care provided in birth centers, compared with national data. Strengths of the study include a relatively large sample, geographic diversity of birth centers collecting data, and a sample with demographic and psychosocial risk profile similar to that of the national population of childbearing mothers. Data were collected by care providers during course of care, with findings from the previous validation study and the consistency of data across sites suggesting that the data are reliable. 13 The design of the data collection platform, with users unable to submit the data form unless required variables are completed, results in minimal missing data for all key variables. To best inform public policy, risk-adjusted analysis, using propensity scoring and weighted comparative effectiveness research through the Center for Medicare and Medicaid Innovation, needs to be conducted because it best controls for medical risk factors while quantifying care use, outcomes, and cost. Although this sample population was more diverse and had more risk factors than populations in previous large observational studies of birth center care, selection bias of those choosing to enroll in prenatal care at a Strong Start birth center may make the AABC sample different from national birth certificate data in ways that have an impact on outcomes. More research is needed on women's choices about where they receive maternity care and plan to give birth. This should include research on lower-risk women who choose hospital birth. Comparison of breastfeeding data is limited by the fact that the nationally endorsed quality measure of exclusive breastfeeding is not reported in birth certificate data for the study period.
| Conclusions
The AABC birth center model provides primary maternity care appropriate for Medicaid beneficiaries nationwide. This study demonstrates that the model can serve a socio-demographically diverse population with significant social risks while improving perinatal outcomes. Continued expansion of access to the birth center model of care among childbearing Medicaid beneficiaries offers promise in improving population health, mothers' experience of care, and the value of care.
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